SYNOPSIS Five hundred and fifty-two strains of Staphylococcus aureus of hospital origin were resistant to penicillin, streptomycin, and tetracycline. Of these, 298 were also resistant to neomycin and kanamycin, and this resistance was related to pigment production on glycerol monoacetate agar, the production of f-lysin, the absence of fibrinolytic and proteolytic activity, and to phage susceptibility. The use of physiological markers, the inadequacy of phage typing, and the possible reasons for the emergence of neomycin-resistant staphylococci are discussed.
same nomenclature, but Jacobs et al. drew attention to the fact that inhibition reactions are not sufficiently reproducible to form the basis of a pattern for the recognition of a staphylococcal phage type. They were of the opinion that these organisms should be designated 'non-typable'. Although the exact phage status of these staphylococci has not yet been determined. it seems that they form part of a group of related organisms linked to those of phage group III, which have other characteristics in common. They almost always form yellow pigmented colonies on glycerol monoacetate agar, they are resistant to penicillin, streptomycin, and tetracycline, and are non-proteolytic. In addition, a high 'Department of Pathology, Booth Hall Children's Hospital, Manchester 9. 2Department of Microbiology, Monash University Medical School, Alfred Hospital, Melbourne, Australia.
Keceived for publication 21 January 1964. proportion are non-fibrinolytic, and many strains produce ,-lysin (Willis el al., 1963 (Willis el al., , 1964 .
Strains similar to these have a world-wide distribution. Among 58 multiple-resistant organisms kindly sent to us by Dr. Jean Tolhurst and Mr. Glen Buckle from Melbourne, Australia, we found that 16 were of the yellow multiple-resistant, nonproteolytic variety. Likewise, found that organisms of this type form a high proportion of the multiple-resistant staphylococci which she has isolated in Perth, Western Australia. Cohen, Fekety, and Cluff (1962) described epidemic strains of Staph. aureus at the Johns Hopkins Hospital, Baltimore, which had phage and sensitivity characteristics somewhat similar to the British isolates, and it can be predicted with reasonable certainty that the American organisms will possess the other physiological features common to the British group. Cohen and his co-workers were impressed by the frequency with which their strains were resistant to kanamycin and neomycin, and they attributed this to the greatly increased use of neomycin in the pre-operative preparation of the bowel at their hospital. Robertson has shown that the type A strains of Temple and Blackburn are also resistant to kanamycin and neomycin, but Jacobs and Willis (1963) extended these observations to the yellow group as a whole. They showed that resistance to these antibiotics is a general and almost exclusive property of yellow, tetracycline-resistant staphylococci, and is not limited to the type A strains of Temple and Blackburn.
The present study is concerned with 552 strains of tetracycline-resistant staphyloccoci, and draws atten-to kanamycin and neomycin on the one hand, and pigmentation, phage susceptibility, P-lysin production, fibrinolytic activity, and proteolysis on the other. EXPERIMENTAL STRAINS OF STAPHYLOCOCCI The 552 strains of Staph. aureus were recently cultured from the in-patients of two large general hospitals. They were isolated from septic lesions over a period of six months and they represent that group of organisms that was resistant to penicillin, streptomycin, and tetracycline within a much larger series of consecutively isolated staphylococci. The remainder were all sensitive to tetracycline, virtually all to streptomycin, and many were sensitive to penicillin.
In addition to the 552 tetracycline-resistant organisms with which this investigation is mainly concerned, 50 tetracycline-sensitive strains of Staph. aureus were also studied; 25 of these were sensitive to penicillin and the remainder were resistant.
SENSITIVITY TESTS These were performed by the disc diffusion method using Multodisks (Oxoid) which contained penicillin 1-5 units, streptomycin, chloramphenicol, tetracycline and erythromycin, 10 usg., and novobiocin 5 ,tg. In addition, all strains were tested for sensitivity to methicillin (Celbenin) with 10 Mg. discs (Mast Laboratories), cloxacilli.n (Orbenin) using 5 ,ug. discs (Beecham Research Laboratories), and fusidic acid (Fucidin) with 10 pg. discs (Leo Laboratories). Sensitivity to neomycin was determined with 10 Ag. discs (Mast Laboratories), and to kanamycin with discs containing 7.5 Mg. of the antibiotic prepared by the method described by Willis and Turner (1963) .
CULTURAL CHARACTERISTICS Pigmentation was determined from 48-hour cultures on glycerol monoacetate agar (Willis and Tumer, 1962) . (For details of the preparation of this medium, see Jacobs, Willis, and Goodbum, 1964.) Fibrinolytic activity and proteolysis were determined on human thrombin-fibrinogen agar and on the washed chocolate agar medium described by Jacobs et al. (1964) . Production of ,B-lysin was determined using cultures on an agar medium containing 10% washed sheep erythrocytes (Burroughs Wellcome and Co.). These were incubated under anaerobic conditions for 48 hours at 37°C., and then cooled to 4°C. for one hour before reading.
RESULTS
All strains that were resistant to neomycin were also resistant to kanamycin; similarly, strains that were neomycin-sensitive were also inhibited by kanamycin. In the following data, therefore, we have found it convenient to express the results in terms of one antibiotic only, namely, neomycin.
None of the 50 tetracycline-sensitive strains of Staph. aureus was resistant to neomycin. On the other hand, 298 of the 552 tetracycline-resistant strains were also resistant to neomycin. Table I shows that 378 of the 552 tetracyclineresistant organisms were of the yellow variety, and the remaining 174 were either orange or buff. Of the 378 yellow pigmented organisms, 295 (78 0%) were resistant to neomycin. On the other hand, only three of the 174 orange and buff strains (1-7 %) were neomycin-resistant. Thus, 295 out of 298 neomycinresistant strains (95-6%) were of the yellow variety. (1963, 1964) have shown that only a few yellow tetracycline-resistant staphylococci are proteolytic on this medium, in contrast to orange and buff organisms, amongst which some 60% are actively proteolytic. Because neomycin resistance is largely limited to yellow tetracylineresistant organisms, it follows that neomycin-resistant strains are usually non-proteolytic. However, inability of a strain to cause clearing on the washed chocolate agar does not provide an index either of its pigment variety or its neomycin resistance. Thus, Neomycin-resistanci characteristic almos strains studied was resistant to strains that produce yellow pigmented colonies on illin, or fusidic acid, but 166 glycerol monoacetate agar. Limitation of this ;tance to one or more of the other property to yellow strains reinforces the view that Lmphenicol, erythromycin, and yellow pigmentation is a valid marker characteristic IV relates these properties to for some epidemic strains of Staph. aureus (Turner Se and pigmentation. Neomycin and Willis and Turner, 1962) , and r not correlated to inhibition by provides further justification for the physiological itibiotics tested. From the results subdivision of pathogenic staphylococci suggested seem that the pigmentation of a by Willis et al. (1963 Willis et al. ( , 1964 . These yellow staphyinfluences its ability to manifest lococci comprise a phage-group-lIl-linked spectrum nge of antibiotics in common use, of related organisms that are characterized by their Septions ofneomycinandkanamy-tetracycline resistance, their relative phage insusof both the yellow neomycin-ceptibility, and by their failure to produce a proange and buff neomycin-sensitive teolytic enzyme recognized by its action on washed additional resistance. The anti-chocolate agar. In addition, most of the group are ieomycin to which strains most non-fibrinolytic, and these strains form ,B-lysin much additional resistance was chlo-more commonly than other staphylococci. Theyellow even here only 21 % of yellow group of organisms has a notorious epidemic and 15-7% of orange and buff potential in the hospital environment, and it is strains showed it. This is in apparent that resistance to neomycin and kanamycin the pattern of neomycin resis-are additional properties of value in the delineation [low group, in which 78-0% were of this group. The phage reactions of these organisms have caused considerable confusion, and have
tended to fragment what appears to us to be a The association of tetracycline resistance with neomycin resistance is more apparent than real, since there is no evidence to suggest that cross resistance develops between these antibiotics (Kunin, Wilcox, Najarian, and Finland, 1958 
